Abstract. The deserts in East Asia are one of the most influential mineral dust source regions in the 15 world. Large amounts of dust particles are emitted and transported to distant regions. A super dust storm 16 characterized by long-distance transport occurred over the Pan-Eurasian Experiment (PEEX) area in 17 early May 2017. In this study, multi-satellite/sensor observations and ground-based measurements 18
AERONET data 133
The Aerosol Robotic Network (AERONET) is a ground-based remote sensing aerosol network 134 (Holben et al., 1998 ) that provides spectral AOD and inversion products derived from direct and diffuse 135 radiation measurements by Cimel sun/sky-radiometers (Dubovik et al., 2006) . The inversion products 136 includes both microphysical parameters (e.g., the size distribution and complex refractive index) and 137
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radiative properties (e.g., the single-scattering albedo and phase function) (Dubovik et al., 2006) . 138
In this study, Level 1.5 cloud screened data including both sun direct data (Version 2 and Version 3) and 139
Inversion data (Version 2) from four AERONET sites in the study area were used to analyse the temporal 140 variations in aerosol properties, including the AOD, the extinction Ångström exponent (EAE), volume 141 size distribution (VSD), and single-scattering albedo (SSA). Fig. 1 shows the locations of the four sites 142 (yellow stars), namely, AOE_Baotou, Beijing, Xuzhou-CUMT, and Ussuriysk. 143
PM measurements 144
There are thousands of air quality stations over China that can provide hourly PM measurements 145 during both the daytime and the night-time. In addition, the measurements are free from the influences 146 of clouds, making it a perfect complement to AERONET observations and satellite observations, as few 147 AERONET stations provided useful observations over China during May 2017. Ground-based 148 measurements of the PM mass concentration over the Chinese mainland were collected to illustrate the 149 dust-affected areas and further analyse the transport of the dust plume. Furthermore, the temporal 150 variations in the PM concentrations at 14 typical stations were analysed in detail to examine the 151 propagation of dust particles in different directions. Detailed information about these 14 air quality 152 stations is given in Table 1 . 153 154 
HYSPLIT 157
The NOAA HYSPLIT model developed by NOAA's Air Resources Laboratory was employed 158 (Draxler and Rolph, 2013). It is widely used for computing air mass forward/backward trajectories to 159 analyse the transport of air/pollution parcels. The start/end points as well as the time of the HYSPLIT 160 computation can be set depending on your interest. Here, HYSPLIT was used to generate air mass 161 backward trajectories to trace the air movement. 162 to the western Sea of Okhotsk (~56°N, 140°E). For the next two days, the elevated dust plume travelled 174 across the Sea of Okhotsk and finally reached the Bering Sea on 7-8 May (see Fig. 2e-f) . The OMI-AI 175 effectively revealed the long-distance transport of the strong absorbing aerosols that originated from the 176
Results 163

Origin and transport of the dust event 164
Gobi Desert. 177
To be sure that the high AI values were caused by dust aerosols, CALIPSO observations that passed 178 through the dusty regions during the night-time were employed to provide aerosol type and vertical 179 distribution information of the dust plume. Fig. 3 shows the overpass trajectory of the CALIPSO 180 observations employed in this study during 3-8 May. Fig. 4 depicts the vertical distributions of the aerosol 181 types and their corresponding overpass trajectories. As Fig. 4b illustrated, large numbers of elevated dust 182 aerosols were distributed over Inner Mongolia and Shanxi Province (from ~40°N -~32° N) on 4 May. 183
As the dust plume travelled eastward and northeastward, a dominant, thick dust layer was observed over 184 (Fig. 4c) . Especially over 185 southeastern Russia, the dust layer was thick and distributed from the surface to a height of 10 km. In the 186 following several days, the elevated dust particles were transported northeasterly and proceeded to the 187 Sea of Okhotsk (Fig. 4d ) and Russia's remote Kamchatka Peninsula (Fig. 4e) before finally reaching the 188
Bering Sea (Fig. 4f) . 189
Moreover, a part of the aerosol layer was marked as a polluted dust subtype by the VFM product 190 over Central China on 4 May and over the region of northern China on 6 May. This may be explained by 191 the mixture of dust and anthropogenic pollution during the movement of the dust plume. In addition, dust 192 marine aerosol layers over the ocean were also detected on 6-8 May (Fig. 4d-f) . that the air masses that reached the Bering Sea (Fig. 5a ), the Kamchatka Peninsula (Fig. 5b) , and the Sea 213 of Okhotsk (Fig. 5c ) in addition to southeastern Russia ( 
224
As dust plumes usually move fast with a high temporal variation, polar-orbiting satellites can 225 typically provide only one or two observations per day. Therefore, it is potentially impossible to detect 226 the rapid movements of dust events using polar-orbiting observations, as some dust activity would be 227 missed due to the limited pass time and dust deposition. Geostationary satellites can provide high-228 frequency observations over large areas and have unique advantages for obtaining the comprehensive 229 spatial-temporal variations of dust events. For a better view of the transport of the dust plume, the high-230 temporal-resolution observations from the Himawari-8/AHI were used. A time series of true-colour 231 composite images on 3 May and 4 May were analysed for more detailed information about the dust 232 Nat. Hazards Earth Syst. Sci. Discuss., https://doi.org/10.5194/nhess-2018-84 Manuscript under review for journal Nat. Hazards Earth Syst. Sci. Discussion started: 28 May 2018 c Author(s) 2018. CC BY 4.0 License.
evolution. Fig. 6 shows the composite images over a 3-h interval from 03:00 to 09:00 UTC on 3 May. 233
The results suggest that the strong dust storm originated from the western part of the Gobi Desert and 234 was formed by several distinct dust clusters. In the morning on 3 May, only a small area was covered by 235 a dust plume in the Gobi Desert as the dust storm was continuously increasing and quickly moving. On 236 the one hand, the dust plume over southwestern Inner Mongolia moved along the edge of the Qinghai-237
Tibet Plateau and then finally reached the northern Sichuan basin (Fig. 6c) . On the other hand, massive 238 dust storms travelled along the China-Mongolia border with a continually increasing dust intensity and 239 quickly moved towards the northeast and east. The dust plume moved northeastward reached the border 240 of China, Mongolia and Russian on the afternoon of 3 May. As the dust plume moved eastward, it arrived 241 in the North China Plain and northeastern China on the morning of 4 May (Fig. 7) , causing more than 10 242 provinces in northern China to be covered by a dust plume. In addition, in the late afternoon of 4 May 243 2017, another dust storm was found that originated from northern Inner Mongolia (Fig. 7e-f ) that was 244 quickly transported eastward due to strong westerly winds. High-frequency observations from the AHI 245 presented more information about this dust event, revealing a continuous dust storm and several different 246 transport directions, including southeastward, eastward and northeastward. The longest-distance 247 transport occurred in the northeastward direction, as OMI-AI and CALIPSO-VFM illustrated in the 248 previous section, and the dust finally arrived at the Bering Sea. 249 250
PM characterization in China during the dust event 251
In this section, the temporal variations in the PM2.5 and PM10 mass concentrations over mainland 252
China were deeply analysed. The dust plume often caused a high aerosol loading and high PM 253 concentration, especially PM10. Fig. 8 depicts the PM10 concentration distribution over mainland China 254 over a 12-h interval from 06:00 a.m. on 5 May to 06:00 p.m. on 7 May (Beijing time). Interestingly, 255 southeastward transport was revealed through the intensive PM concentration measurements, while it 256 was almost missed by most of the satellite observations because central and eastern China were covered 257 by a huge cloud during 5-7 May. The high PM10 concentration was mostly distributed over 35-40° N at 258 06:00 on 5 May (Fig. 8a) ; meanwhile, after 12 hours, the dust plume moved to Shandong Peninsula and 259
Henan Province and further affected Central China on 6 May; two days later, the dust events were found 260 in most stations of eastern and central China (Fig. 8 c-f) . The southward propagation of this dust event 261
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To obtain better insight into the dust evolution, measurements from 14 typical air quality stations 268 (the green triangles in Fig. 3 ) situated within the origin and transport areas of the dust were analysed in 269 detail. As the PM concentration was measured during both the daytime and the night-time, the data can 270 provide much more information about this continuous dust plume. Fig. 9 shows the PM temporal 271 variations along three different dust transport directions during 2 to 7 May, including the northeastward 272 propagation (a), southward propagation (b) and southeastward propagation (c). It is clearly observed that 273 both the PM2.5 and the PM10 were increasing dramatically, and the PM10 showed much larger increments 274 than the PM2.5 during this dust event from all three figures. 275
As Fig. 9a illustrates, the sharp increase in the PM mass concentration was first observed at station 276 BYN on the morning on 3 May, followed by the stations at CDS (23:00 UTC on 3 May) and TLS (8:00 277 UTC on 4 May), and reached the northeastern-most city, namely, Heihe (HHS) (06:00 UTC on 4 May). 278
The maximum value of PM10 concentration at BYN reached 4333 μg/m 3 on 4 May. And continuing 279 sharp increase in the PM10 concentration were observed at those sites, indicating continuous outbreak of 280 dust storms. Cities in northeastern China were deeply affected by the transported heavy dust storms, high 281 PM10 concentrations occurred successively at those sites. These drastic changes in the PM10 are in 282 agreement with the dust movements revealed from the satellite observations. 283
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PM measurements at 4 stations distributed along the eastern edge of the Qinghai-Tibet Plateau, 290 including JCS, ZWS, TSS and GYS, are shown in Fig. 9b . Within one day, the dust plume was transported 291 across Gansu and reached GYS, which is located in the Sichuan Basin. This transport was also revealed 292 by the high-frequency AHI observations ( Fig. 6c and d) , although it is not as noticeable. Central China and caused a bad air quality there. In addition, high PM concentration were observed in 304 the coastal areas of eastern China, as Fig. 10 shows. Note that the increases of PM10 are much larger 305 than the increments of PM2.5 in those stations, suggesting that the dust particles were transported to 306 southern and eastern China. 307
To confirm this southward propagation of dust, the backward trajectories ending at GYS, CSS, and 308 SHS were analysed by HYSPLIT, as shown in Fig. 11 . The trajectories are computed at three different 309 Nat. Hazards Earth Syst. Sci. Discuss., https://doi.org/10.5194/nhess-2018-84 Manuscript under review for journal Nat. Hazards Earth Syst. Sci. 
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Aerosol property variations during the dust event 326
In order to understand the effects of dust storm on aerosol properties, the changes in the aerosol 327
properties at four typical AERONET stations located in the study area were investigated. These four sites 328 are located in different environments; the longitudes of AOE_Baotou, Beijing, and Ussuriysk increase 329 from west to east, and the latitudes of AOE_Baotou, Beijing, and Xuzhou-CUMT decrease from north 330 to south. This can help to illustrate the temporal variations in the aerosol characteristics due to the 331 movement of the dust plume. Several key parameters, including the AOD, EAE, SSA, and aerosol 332 volume size distribution (VSD), were analysed in detail. 333
The temporal variations in the daily AOD and EAE at the four AERONET sites during dusty and 334 non-dusty days are plotted in Fig. 12 a-d. The maximum AODs at 440 nm caused by the dust storm were 335 2.96, 2.13, 2.87, and 0.65 at AOE_Baotou, Beijing, Xuzhou-CUMT, and Ussuriysk, respectively. The 336 maximum AOD at Baotou (the westernmost station) was recorded on 2 May 2017 and became lower 337 afterwards with a low EAE value of 0.15. Another increase in the AOD as well as a drop in the EAE 338 occurred on 4 May, and the dust continued for several days. Then, the dust storm moved eastward, and 339 the highest AOD value of 2.13 was observed over Beijing on 4 May 2017. As the dust storm travelled 340 northeastward, Ussuriysk, located in southern Russia, was affected with a slight increase in the AOD 341 (from ~0.25 to ~0.65) and a sharp decrease in the EAE (from ~1 to ~0.1) on 5 May 2017. Xuzhou-CUMT, 342 which is located in southern Central China, was also severely affected by the strong dust on 4-5 May. 343
The maximum AODs occurred at different times at the four sites due to the movement of the dust storm. 344
In addition, there are obvious negative correlations between the AOD and EAE during the dust event. 345
The dust storm brought numerous large particles, causing the low EAE and high extinction properties. 346
As one of the most important properties affecting aerosol radiative forcing, aerosol absorption also 347 exhibits huge variations. The SSA is strongly related to absorption/scattering characteristics. Fig. 13  348 shows the variability of the spectral SSA before, during and after this dust event, and it is compared with 349 the monthly average. The SSA at longer wavelengths (e.g., 675, 870, and 1020 nm) at AOE_Baotou 350 
365
Similar properties can be observed over Beijing, as the dust over both Baotou and Beijing have 366 similar sources. However, there are still a few differences. The monthly average of the spectral SSA in 367
Beijing was lower than that in AOE_Baotou, and an opposite spectral dependence was observed between 368 these two sites. Baotou was affected by a greater quantity of industry emissions than Beijing, as it is a 369 heavy industry city. In addition, it also suffered from additional dust due to its geographical location. 370
The VSD variation showed a more obvious distinction between dusty and non-dusty days. As Fig.  371 13 illustrates, the particle volumes of fine-mode aerosols are comparable with those of coarse-mode 372 aerosols in Beijing and Baotou during non-dusty days. The strong dust storm caused a dramatic increase 373 in coarse-mode particles compared with non-dusty days. The volume median radius also showed 374 differences between dusty and non-dusty days; the VSD peaks increased with the AOD due to the dust 375 Nat. Hazards Earth Syst. Sci. Discuss., https://doi.org/10.5194/nhess-2018-84 Manuscript under review for journal Nat. Hazards Earth Syst. Sci. 
